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ABSTRACT 

There is disclosed a method for the preparation of a diene 
polymer interpenetrated With a polysiloXane comprising the 
polymerization of 

(B) at least one silane monomer of the formula: 

(C) at least one diene monomer, said polymerization 
being conducted in the presence of an anionic base, 
an inert solvent and a polymerization initiator, 
Wherein each R1 is independently selected from the 
group consisting of alkyl radicals having from 1 to 4 
carbon atoms and aryl radicals having 6 carbon 
atoms and R2 is selected from the group consisting of 

Where X is an integer of from 1 to 8. 
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METHOD FOR THE PREPARATION OF A DIENE 
POLYMER INTERPENETRATED WTITH A 

POLYSILOXANE 

[0001] The Applicants hereby incorporate by reference 
prior US. Provisional Application Serial No. 60/221,282, 
?led on Jul. 27, 2000. 

BACKGROUND OF THE INVENTION 

[0002] US. Pat. No. 5,242,979 relates to a polymeric 
composition comprising a continuous phase and a discon 
tinuous phase. The continuous phase comprises a 
crosslinked organosilicon polymer compound of alternating 
polycyclic hydrocarbon residues derived from polycyclic 
polyenes having at least tWo non-aromatic; non-conjugated 
carbon-carbon double bonds in their rings, and residues 
derived from the group consisting of cyclic polysiloXanes 
and tetrahedral siloXysilanes linked through carbon to sili 
con bonds. The discontinuous phase comprises a loW 
molecular Weight hydrocarbon elastomer having at least tWo 
hydrosilation reactable carbon-carbon double bonds. These 
products are formed by combining an eXisting elastomer 
With an organosilicon prepolymer. As such, there is a reac 
tion betWeen the prepolymer and elastomer to promote 
adhesion betWeen the tWo separate phases. The preferred 
hydrocarbon elastomers have tWo or more hydrosilation 
reactable carbon-carbon double bonds, hoWever, elastomers 
having large numbers of double bonds tend to react With the 
prepolymer as one phase systems. The elastomer is present 
in an amount of 0.5 to 20 percent by Weight. The elastomer 
may be added to the prepolymer or during prepolymer 
synthesis. 

SUMMARY OF THE INVENTION 

[0003] The present invention relates to a diene polymer 
Which is interpenetrated With a polysiloXane and is prepared 
by the simultaneous polymeriZation of at least tWo cyclic 
silane monomers and a diene monomer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0004] There is disclosed a method for the preparation of 
a diene polymer interpenetrated With a polysiloXane com 
prising the polymeriZation of 

[0005] (A) at least one silane monomer of the for 
mula: 

[0006] (B) at least one silane monomer of the for 
mula: 
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[0007] (C) at least one diene monomer, said poly 
meriZation being conducted in the presence of an 
anionic base, an inert solvent and a polymeriZation 
initiator, Wherein each R1 is independently selected 
from the group consisting of alkyl radicals having 
from 1 to 4 carbon atoms and aryl radicals having 6 
carbon atoms and R2 is selected from the group 
consisting of 

[0008] Wherein X is an integer of from 1 to 8. 

[0009] The silane monomers of formula I and/or II are 
subjected to a ring opening polymeriZation during the pro 
cess of the present invention. Preferably, R1 is an alkyl 
having one carbon atom 

@ 
[0010] Acommercially available cyclic silane of the above 
formula I, 2,2,5,5-tetramethyl-2,5-disila-l-oxacyclopentane 
is available from ABCR GmbH and Company. 

[0011] Phenylene-bridged cyclic siloXanes are knoWn pre 
cursors for non-shrinking sol-gel systems. See D. A. Loy, K. 
Rahimian, M. Samara, AngeW. Chem. 111(4): 515 (1999). 
Such phenylene-bridged cyclic siloXanes are included in 
formula II. 

[0012] The requirement for the ring-opening polymeriZa 
tion of the cyclic silane monomer of formula I and II is a 
catalytic quantity of an anionic base. Representative 
eXamples of such anionic bases include the organolithium 
compounds described later as Well as tetrabutylammonium 
hydroXide, potassium phenoXide, sodium hydrogen sul?de, 
tertiary butoXide and potassium tertiary butoXide. Prefer 
ably, the anionic base is tetrabutylammonium hydroxide. 
The amount of the anionic base may vary. Generally speak 
ing, the amount should range from 0.001 to 3 mol percent of 
the total percent of cyclic silanes charged into the polymer 
iZation medium. 
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[0013] As indicated above, at least one diene monomer is 
polymerized during the simultaneous ring opening polymer 
iZation of the tWo silanes of formula I and II. Representative 
examples of such diene monomers include butadiene, meth 
ylbutadiene, ot-methylstyrene, paramethyl styrene, dimeth 
ylbutadiene, pentadiene, styrene, isoprene and mixtures 
thereof. The most preferred diene monomers are butadiene, 
styrene and isoprene. 

[0014] As can be appreciated, depending on What mono 
mer or monomers are used, one can introduce various diene 

polymers to be prepared simultaneously With the polysilox 
ane netWork. Therefore, the diene polymer may be polyb 
utadiene, polyisoprene, styrene butadiene rubber, styrene 
isoprene rubber, styrene-isoprene-butadiene rubber and 
isoprene-butadiene rubber. 

[0015] The inert organic medium Which is utiliZed as the 
solvent Will typically be a hydrocarbon Which is liquid at 
ambient temperatures Which can be one or more aliphatics, 
alicyclic or aromatic hydrocarbons. These solvents Will 
normally contain from 4 to 10 carbon atoms per molecule 
and Will be liquids under the conditions of the polymeriZa 
tion. It is, of course, important for the solvent selected to be 
inert. The term “inert” as used herein means that the solvent 
does not interfere With the polymeriZation reactions or react 
With the polymers made thereby. Some representative 
examples of suitable organic solvents include pentane, 
isooctane, cyclohexane, normal hexane, benZene, toluene, 
xylene, ethylbenZene and the like, alone or in admixture. 
Saturated aliphatic solvents, such as cyclohexane and nor 
mal hexane, are most preferred. 

[0016] The polymeriZation of the diene monomer is initi 
ated by a lithium catalyst or initiator. The lithium catalysts 
Which can be used are typically organolithium compounds. 
The organolithium compounds Which are preferred can be 
represented by the formula R—Li, Wherein R represents a 
hydrocarbyl radical containing from 1 to about 20 carbon 
atoms. Generally, such monofunctional organolithium com 
pounds Will contain from 1 to about 10 carbon atoms. Some 
representative examples of organolithium compounds Which 
can be employed include methyllithium, ethyllithium, iso 
propyllithium, n-butyllithium, sec-butyllithium, n-octyl 
lithium, tert-octyllithium, n-decyllithium, phenyllithium, 
l-naphthyllithium, 4-butylphenyllithium, p-tolyllithium, 
4-phenylbutyllithium, cyclohexyllithium, 4-butylcyclo 
hexyllithium and 4-cyclohexylbutyllithium. Organo mono 
lithium compounds, such as alkyllithium compounds and 
aryllithium compounds, are usually employed. Some repre 
sentative examples of preferred organo monolithium com 
pounds that can be utiliZed include ethyllithium, isopropy 
llithium, n-butyllithium, secondary-butyllithium, normal, 
hexyllithium, tertiary-octyllithium, phenyllithium, 2-naph 
thyllithium, 4-butylphenyllithium, 4-phenylbutyllithium, 
cyclohexyllithium and the like. Normal-butyllithium and 
secondary-butyllithium are highly preferred lithium initia 
tors. 

[0017] The amount of lithium catalyst utiliZed Will vary 
from one organolithium compound to another and With the 
molecular Weight that is desired for the rubber being syn 
thesiZed. As a general rule in all anionic polymeriZations, the 
molecular Weight (Mooney viscosity) of the diene polymer 
produced is inversely proportional to the amount of catalyst 
utiliZed. As a general rule, from about 0.01 phm (parts per 
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hundred parts by Weight of diene monomer) to 1 phm of the 
lithium catalyst Will be employed. In most cases, from 0.01 
phm to 0.1 phm of the lithium catalyst Will be employed With 
it being preferred to utiliZe 0.025 phm to 0.07 phm of the 
lithium catalyst. If the lithium catalyst is used as the anionic 
base for the ring opening polymeriZation, the amount of the 
catalyst must be increased as discussed above. 

[0018] Normally, from about 5 Weight percent to about 35 
Weight percent of the diene monomer Will be charged into 
the polymeriZation medium (based upon the total Weight of 
the polymeriZation medium including the organic solvent 
and monomer). In most cases, it Will be preferred for the 
polymeriZation medium to contain from about 10 Weight 
percent to about 30 Weight percent monomer. It is typically 
more preferred for the polymeriZation medium to contain 
from about 20 Weight percent to about 25 Weight percent 
monomer. 

[0019] After the initial charge of the diene monomer, the 
polymeriZation is initiated folloWed by partial addition of 
the tWo cyclic silanes. Thereafter, the three monomers, 
namely the diene monomer and tWo cyclic silanes, are 
continuously introduced to the reaction vessel as polymer 
iZation is occurring. 

[0020] One object of the present invention is to prepare a 
diene polymer interpenetrated With a polysiloxane. To 
achieve this, one needs to use an excess of diene monomer 
relative to the amount of the tWo cyclic silanes. Whereas this 
amount may vary, generally speaking, there should be from 
3 to 150 moles of diene monomer per mole of the tWo cyclic 
silanes combined. Preferably, there is used 5 to 25 moles of 
diene monomer per mole of the tWo cyclic silanes combined. 

[0021] As discussed above, at least one silane of formula 
I and at least one silane of formula II is used. Whereas, the 
relative amount of each silane may vary the amount of the 
cyclic silanes of formula I should range from 99.5 to 75 mol 
percent of total cyclic silane With the balance of 0.5 to 25 
mol percent of cyclic silane of formula II. Preferably, the 
cyclic silane of formula I is used in an amount ranging from 
99 to 90 mol percent With the balance being the cyclic silane 
of formula II. 

[0022] The monomers are polymeriZed at a temperature 
Which is Within the range of about 5° C. to about 100° C. The 
polymeriZation temperature Will preferably be Within the 
range of about 40° C. to about 90° C. for practical reasons 
and to attain the desired microstructure of the diene polymer. 
Temperatures Within the range of about 60° C. to about 80° 
C. are most preferred. The microstructure of the diene rubber 
being prepared is someWhat dependent upon the polymer 
iZation temperature. 

[0023] The polymeriZation is alloWed to continue until 
essentially all of the diene monomer and cyclic silanes have 
been exhausted. In other Words, the polymeriZation is 
alloWed to run to completion. Since lithium catalyst is 
employed to polymeriZe the diene monomer, a living diene 
rubber is produced. The living diene rubber synthesiZed Will 
have a number average molecular Weight Which is Within the 
range of about 25,000 to about 700,000. The diene rubber 
synthesiZed Will more typically have a number average 
molecular Weight Which is Within the range of about 150,000 
to about 400,000. 

[0024] To increase the level of vinyl content of the diene 
polymer, the polymeriZation can be carried out in the pres 
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ence of at least one polar modi?er. Ethers and tertiary 
amines Which act as LeWis bases are representative 
examples of polar modi?ers that can be utilized. Some 
speci?c examples of typical polar modi?ers include diethyl 
ether, di-n-propyl ether, diisopropyl ether, di-n-butyl ether, 
tetrahydrofuran, dioXane, ethylene glycol dimethyl ether, 
ethylene glycol diethyl ether, diethylene glycol dimethyl 
ether, diethylene glycol diethyl ether, triethylene glycol 
dimethyl ether, trimethylamine, triethylamine, N,N,N‘,N‘ 
tetramethylethylenediamine, N-methyl morpholine, N-ethyl 
morpholine, N-phenyl morpholine and the like. 

[0025] The modi?er can also be a 1,2,3-trialkoXybenZene 
or a 1,2,4-trialkoXybenZene. Some representative eXamples 
of 1,2,3-trialkoXybenZenes that can be used include 1,2,3 
trimethoXybenZene, 1,2,3-triethoXybenZene, 1,2,3-tribu 
toXybenZene, 1,2,3-triheXoXybenZene, 4,5,6-trimethyl- 1,2, 
3-trimethoXybenZene, 4,5,6-tri-n-pentyl-1,2,3 
triethoXybenZene, 5-methyl-1,2,3-trimethoXybenZenes and 
5-propyl-1,2,3-trimethoXybenZene. Some representative 
eXamples of 1,2,4-trialkoXybenZenes that can be used 
include 1,2,4-trimethoXybenZene, 1,2,4-triethoXybenZene, 
1,2,4-tributoXybenZene, 1,2,4-tripentoXybenZene, 3,5,6-tri 
methyl- 1,2,4-trimethoXybenZene, 5-propyl- 1,2,4-tri 
methoXybenZene and 3,5-dimethyl-1,2,4-trimethoXyben 
Zene. Dipiperidinoethane, dipyrrolidinoethane, 
tetramethylethylene diamine, diethylene glycol, dimethyl 
ether and tetrahydrofuran are representative of highly pre 
ferred modi?ers. US. Pat. No. 4,022,959 describes the use 
of ethers and tertiary amines as polar modi?ers in greater 
detail. 

[0026] The utiliZation of 1,2,3-trialkoXybenZenes and 1,2, 
4,-trialkoXybenZenes as modi?ers is described in greater 
detail in Us. Pat. No. 4,696,986. The teachings of US. Pat. 
Nos. 4,022,959 and 4,696,986 are incorporated herein by 
reference in their entirety. The microstructure of the repeat 
units Which are derived from diene monomer is a function of 
the polymeriZation temperature and the amount of polar 
modi?er present. For eXample, it is knoWn that higher 
temperatures result in loWer vinyl contents (loWer levels of 
1,2-microstructure). Accordingly, the polymeriZation tem 
perature, quantity of modi?er and speci?c modi?er selected 
Will be determined With the ultimate desired microstructure 
of the diene rubber being synthesiZed being kept in mind. 

[0027] In cases Where super-high vinyl polybutadiene 
rubber is being synthesiZed, a combination of a sodium 
alkoXide and polar modi?er Will normally be employed as 
the modi?er system. A combination of a sodium alkoXide 
and polar modi?er acts synergistically to increase the vinyl 
content of polybutadiene rubber synthesiZed in its presence. 
The utiliZation of this synergistic modi?er system can also 
be employed advantageously in the synthesis of high vinyl 
polybutadiene rubber. 

[0028] The sodium alkoXides Which can be utiliZed in the 
catalyst system Will normally be of the formula NaOR, 
Wherein R is an alkyl group containing from about 2 to about 
12 carbon atoms. The sodium metal alkoXide Will typically 
contain from about 2 to about 12 carbon atoms. It is 
generally preferred for the sodium alkoXide to contain from 
about 3 to about 8 carbon atoms. It is generally most 
preferred for the sodium alkoXide to contain from about 4 to 
about 6 carbon atoms. Sodium t-amyloXide (sodium t-pen 
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toXide) is a representative eXample of a preferred sodium 
alkoXide Which can be utiliZed in the modi?er systems of 
this invention. 

[0029] The molar ratio of the sodium alkoXide to the polar 
modi?er in the modi?er system Will normally be Within the 
range of about 0.1:1 to about 10:1 and the molar ratio of the 
sodium alkoXide to the lithium initiator Will normally be 
Within the range of about 0.01:1 to about 20: 1. It is generally 
preferred for the molar ratio of the sodium alkoXide to the 
polar modi?er to be Within the range of about 0.2:1 to about 
5:1 and for the molar ratio of the sodium alkoXide to the 
lithium initiator to be Within the range of about 0.05:1 to 
about 10:1. It is generally more preferred for the molar ratio 
of the sodium alkoXide to the polar modi?er to be Within the 
range about 0.5: 1 to about 1:1 and for the molar ratio of the 
sodium alkoXide to the lithium initiator to be Within the 
range of about 0.2:1 to about 3:1. 

[0030] In accordance With one embodiment, silicon tetra 
chloride is charged to the reaction vessel While the living 
polymers eXist but toWard the end of the polymeriZation 
reaction. By doing so, one selectively couples the diene 
polymer chains to the silicon as Well as the polysiloXane. 
The amount of silicon tetrachloride can vary, such as an 
amount equal to 25 percent to 35 percent of the amount of 
anionic base. 

[0031] After the polymeriZation has been completed, the 
polymeriZation product, as a diene polymer, Will be inter 
penetrated With the polysiloXane. The diene polymer-pol 
ysiloXane can be recovered from the organic solvent and 
residue by any means, such as decantation, ?ltration, cen 
trifugation and the like. It is often desirable to precipitate the 
polymeriZation product from the organic solvent by the 
addition of loWer alcohols containing from about 1 to about 
4 carbon atoms to the polymer solution. Suitable loWer 
alcohols for precipitation of the polymer product from the 
polymer cement include methanol, ethanol, isopropyl alco 
hol, normal-propyl alcohol and t-butyl alcohol. The utiliZa 
tion of loWer alcohols to precipitate the polymer product 
from the polymer cement also terminates the living polymer 
by inactivating lithium end groups. After the polymer net 
Work is recovered from the solution, steam-stripping can be 
employed to reduce the level of volatile organic compounds 
in the polymer. 

[0032] The diene polymer-polysiloXane netWork of the 
present invention may be used alone or miXed With conven 
tional rubbers or elastomers containing ole?nic unsaturation. 
The phrase “rubber or elastomer containing ole?nic unsat 
uration” is intended to include both natural rubber and its 
various raW and reclaim forms as Well as various synthetic 
rubbers. In the description of this invention, the terms 
“rubber” and “elastomer” may be used interchangeably, 
unless otherWise prescribed. The terms “rubber composi 
tion”, “compounded rubber” and “rubber compound” are 
used interchangeably to refer to rubber Which has been 
blended or miXed With various ingredients and materials and 
such terms are Well knoWn to those having skill in the rubber 
miXing or rubber compounding art. Representative synthetic 
polymers are the homopolymeriZation products of butadiene 
and its homologues and derivatives, for eXample, methylb 
utadiene, dimethylbutadiene and pentadiene as Well as 
copolymers such as those formed from butadiene or its 
homologues or derivatives With other unsaturated mono 
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mers. Among the latter are acetylenes, for example, vinyl 
acetylene; ole?ns, for example, isobutylene, Which copoly 
meriZes With isoprene to form butyl rubber; vinyl com 
pounds, for example, acrylic acid, acrylonitrile (Which poly 
meriZe With butadiene to form NBR), methacrylic acid, 
ot-methyl styrene, paramethyl styrene and styrene, the latter 
compound polymerizing With butadiene to form SBR, as 
Well as vinyl esters and various unsaturated aldehydes, 
ketones and ethers, e. g., acrolein, methyl isopropenyl ketone 
and vinylethyl ether. Speci?c examples of synthetic rubbers 
include neoprene (polychloroprene), polybutadiene (includ 
ing cis-1,4-polybutadiene), polyisoprene (including cis-1,4 
polyisoprene), butyl rubber, halobutyl rubber such as chlo 
robutyl rubber or bromobutyl rubber, styrene/isoprene/ 
butadiene rubber, copolymers of 1,3-butadiene or isoprene 
With monomers such as styrene, acrylonitrile and methyl 
methacrylate, as Well as ethylene/propylene terpolymers, 
also knoWn as ethylene/propylene/diene monomer (EPDM), 
and in particular, ethylene/propylene/dicyclopentadiene ter 
polymers. Additional examples of rubbers Which may be 
used include silicon-coupled and tin-coupled star-branched 
polymers. The preferred rubber or elastomers are polybuta 
diene and SBR. 

[0033] In one aspect, the rubber to be mixed With the 
polymer-polysiloxane is mixed With at least tWo of diene 
based rubbers. For example, a combination of tWo or more 
rubbers may be as cis 1,4-polyisoprene rubber (natural or 
synthetic, although natural is preferred), 3,4-polyisoprene 
rubber, styrene/isoprene/butadiene rubber, emulsion and 
solution polymeriZation derived styrene/butadiene rubbers, 
cis 1,4-polybutadiene rubbers and emulsion polymeriZation 
prepared butadiene/acrylonitrile copolymers. 
[0034] In one aspect of this invention, an emulsion poly 
meriZation derived styrene/butadiene (E-SBR) might be 
used having a relatively conventional styrene content of 
about 20 to about 28 percent bound styrene or, for some 
applications, an E-SBR having a medium to relatively high 
bound styrene content, namely, a bound styrene content of 
about 30 to about 45 percent. When used in a tread com 
pound, the relatively high styrene content of about 30 to 
about 45 for the E-SBR can be considered bene?cial for a 
purpose of enhancing traction, or skid resistance. 

[0035] By emulsion polymeriZation prepared E-SBR, it is 
meant that styrene and 1,3-butadiene are copolymeriZed as 
an aqueous emulsion. Such are Well knoWn to those skilled 
in such art. The bound styrene content can vary, for example, 
from about 5 to about 50 percent. In one aspect, the E-SBR 
may also contain acrylonitrile to form a terpolymer rubber, 
as E-SBAR, in amounts, for example, of about 2 to about 30 
Weight percent bound acrylonitrile in the terpolymer. 
[0036] Emulsion polymeriZation prepared styrene/butadi 
ene/acrylonitrile copolymer rubbers containing about 2 to 
about 40 Weight percent bound acrylonitrile in the copoly 
mer are also contemplated as diene based rubbers for use in 
this invention. 

[0037] The solution polymeriZation prepared SBR 
(S-SBR) typically has a bound styrene content in a range of 
about 5 to about 50, preferably about 9 to about 36, percent. 
The S-SBR can be conveniently prepared, for example, by 
organo lithium catalyZation in the presence of an organic 
hydrocarbon solvent. 
[0038] When used in a tire tread, 3,4-polyisoprene rubber 
(3,4-PI) is considered bene?cial for the purpose of enhanc 
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ing the tire’s traction. The 3,4-PI and use thereof is more 
fully described in US. Pat. No. 5,087,668 Which is incor 
porated herein by reference. The Tg refers to the glass 
transition temperature Which can conveniently be deter 
mined by a differential scanning calorimeter at a heating rate 
of 10° C. per minute. 

[0039] Additional rubbers Which may be mixed With the 
diene polymer-polysiloxane netWork are the rubbers coupled 
With a group IVa metal made by anionic polymeriZation 
Wherein the polymeriZation is terminated by the addition of 
a Group IVa metal coupling agent, such as a tin tetrahalide. 
The anionic polymeriZation is initiated With a Group I or II 
metal, such as lithium, and is carried out for a length of time 
sufficient to permit substantially complete polymeriZation of 
monomers. In other Words, the polymeriZation is normally 
carried out until high conversions are attained. Then, the 
coupling agent is added to couple the living rubbery polymer 
Which, of course, terminates the polymeriZation. 

[0040] The coupling agent Will typically be Group IV a 
metal halide, such as a tin halide, a lead halide, a germanium 
halide or a silicon halide. The halogen in the coupling agent 
Will typically be ?uorine, chlorine, bromine or iodine. In 
most cases, the halogen Will be selected from the group 
consisting of ?uorine, chlorine and bromine With chlorine 
being preferred. Tin coupling agents, such as tin tetrachlo 
ride, tin tetrabromide, tin tetrachloride and tin tetraiodide are 
normally preferred. The coupling agent Will normally be a 
tetrahalide. HoWever, trihalides or dihalides can also be 
used. In cases Where tin dihalides are utiliZed, a linear 
polymer rather than a branched polymer results. To induce 
a higher level of branching, tin tetrahalides are normally 
preferred. 
[0041] Broadly, and exemplarily, a range of about 0.01 to 
4.5 milliequivalents of the coupling agent is employed per 
100 grams of the rubbery monomer. It is normally preferred 
to utiliZe about 0.01 to about 1.5 milliequivalents of the 
coupling agent per 100 grams of monomer to obtain the 
desired Mooney viscosity. The larger quantities tend to 
result in production of polymers containing terminally reac 
tive groups or insufficient coupling. One equivalent of tin 
coupling agent per equivalent of lithium is considered an 
optimum amount for maximum branching. For instance, if a 
tin tetrahalide is used as the coupling agent, one mole of the 
tin tetrahalide Would be utiliZed per four moles of live 
lithium ends. In cases Where a tin trihalide is used as the 
coupling agent, one mole of the tin trihalide Will optimally 
be utiliZed for every three moles of live lithium ends. The tin 
coupling agent can be added to a polymer cement containing 
the living rubbery polymer in a hydrocarbon solution, e.g., 
in cyclohexane, With suitable mixing for distribution and 
reaction. 

[0042] Some representative examples of rubbery polymers 
Which can be asymmetrically tin-coupled include polybuta 
diene, polyisoprene, styrene-butadiene rubber (SBR), ot-me 
thylstyrene-butadiene rubber, ot-methylstyrene-isoprene 
rubber, styrene-isoprene-butadiene rubber (SIBR), styrene 
isoprene rubber (SIR), isoprene-butadiene rubber (IBR), 
ot-methylstyrene-isoprene-butadiene rubber and ot-methyl 
styrene-styrene-isoprene-butadiene rubber. 
[0043] The term “phr” as used herein, and according to 
conventional practice, refers to “parts by Weight of a respec 
tive material per 100 parts by Weight of rubber, or elas 
tomer.” 
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[0044] Even though the diene polymer siloxane-netWork 
can be used as the exclusive elastomer, When the above 
described diene polymer-polysiloxane network is added to 
the conventional rubbers or elastomers containing ole?nic 
unsaturation, it is done so in an amount of from 5 to 950 
parts by Weight per 100 parts by Weight of elastomer to 
Which the diene polymer-polysiloxane netWork is being 
added. Preferably, the polysiloxane netWork-diene polymer 
is mixed With the conventional rubber in an amount ranging 
from 5 to 25 parts by Weight per 100 parts by Weight of 
elastomer to Which it is added. 

[0045] In accordance With another embodiment, the 
amount of diene polymer-polysiloxane netWork ranges from 
800 to 950 parts by Weight per 100 parts by Weight of 
elastomer to Which the diene polymer-polysiloxane netWork 
is being added. 

[0046] Conventional ?llers may be added to the rubber 
compound and in various amounts. The amount of such 
conventional ?llers may range from 10 to 250 parts by 
Weight per 100 parts by Weight of total polymer. Preferably, 
the ?ller is present in an amount ranging from 20 to 100 parts 
by Weight per 100 parts by Weight of total polymer. 

[0047] The commonly employed siliceous pigments 
Which may be used in the rubber compound include con 
ventional pyrogenic and precipitated siliceous pigments 
(silica), although precipitated silicas are preferred. The 
conventional siliceous pigments preferably employed in this 
invention are precipitated silicas such as, for example, those 
obtained by the acidi?cation of a soluble silicate, e.g., 
sodium silicate. 

[0048] Such conventional silicas might be characteriZed, 
for example, by having a BET surface area, as measured 
using nitrogen gas, preferably in the range of about 40 to 
about 600, and more usually in a range of about 50 to about 
300 square meters per gram. The BET method of measuring 
surface area is described in the Journal of the American 
Chemical Society, Volume 60, Page 304 (1930). 

[0049] The conventional silica may also be typically char 
acteriZed by having a dibutylphthalate (DBP) absorption 
value in a range of about 100 to about 400, and more usually 
about 150 to about 300. 

[0050] The conventional silica might be expected to have 
an average ultimate particle siZe, for example, in the range 
of 0.01 to 0.05 micron as determined by the electron 
microscope, although the silica particles may be even 
smaller, or possibly larger, in siZe. 

[0051] Various commercially available silicas may be 
used, such as, only for example herein, and Without limita 
tion, silicas commercially available from PPG Industries 
under the Hi-Sil trademark With designations 210, 243, etc; 
silicas available from Rhone-Poulenc, With, for example, 
designations of Z1165MP and Z165 GR and silicas available 
from Degussa AG With, for example, designations VN2 and 
VN3, etc. 

[0052] Commonly employed carbon blacks can be used as 
a conventional ?ller. Representative examples of such car 
bon blacks include N110, N121, N220, N231, N234, N242, 
N293, N299, S315, N326, N330, M332, N339, N343, N347, 
N351, N358, N375, N539, N550, N582, N630, N642, N650, 
N683, N754, N762, N765, N774, N787, N907, N908, N990 
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and N991. These carbon blacks have iodine absorptions 
ranging from 9 to 145 g/kg and DBP No. ranging from 34 
to 150 cm3/100 g. 

[0053] It is preferred to have the rubber composition 
additionally contain a conventional sulfur containing orga 
nosilicon compound. Examples of suitable sulfur containing 
organosilicon compounds are of the formula: 

Z-AIk-SH-Alk-Z (III) 

[0054] in Which Z is selected from the group consisting of 

I|§3 IIQ I'M 
T1_R3 T1_R4 T1_R4 
R3 , R4 and R4 

[0055] Where R3 is an alkyl group of 1 to 4 carbon atoms, 
cyclohexyl or phenyl; R4 is alkoxy of 1 to 8 carbon atoms, 
or cycloalkoxy of 5 to 8 carbon atoms; Alk is a divalent 
hydrocarbon of 1 to 18 carbon atoms and n is an integer of 
2 to 8. 

[0056] Speci?c examples of sulfur containing organosili 
con compounds Which may be used in accordance With the 
present invention include: 3,3‘-bis(trimethoxysilylpropyl) 
disul?de, 3,3‘-bis (triethoxysilylpropyl) disul?de, 3,3‘-bis 
(triethoxysilylpropyl) tetrasul?de, 3,3‘-bis(triethoxysilylpro 
pyl) octasul?de, 3,3‘-bis(trimethoxysilylpropyl) tetrasul?de, 
2,2‘-bis(triethoxysilylethyl) tetrasul?de, 3,3‘-bis(trimethox 
ysilylpropyl) trisul?de, 3,3‘-bis(triethoxysilylpropyl) trisul 
?de, 3,3‘-bis(tributoxysilylpropyl) disul?de, 3,3‘- bis(tri 
methoxysilylpropyl) hexasul?de, 3,3‘ 
bis(trimethoxysilylpropyl) octasul?de, 3,3‘ 
bis(trioctoxysilylpropyl) tetrasul?de, 3,3‘ 
bis(trihexoxysilylpropyl) disul?de, 3,3 ‘-bis(tri-2“ - 
ethylhexoxysilylpropyl) trisul?de , 3,3‘-bis 
(triisooctoxysilylpropyl) tetrasul?de, 3,3‘-bis(tri-t-butoxysi 
lylpropyl) disul?de, 2,2‘-bis(methoxy diethoxy silyl ethyl) 
tetrasul?de, 2,2‘-bis(tripropoxysilylethyl) pentasul?de, 3,3‘ 
bis(tricyclonexoxysilylpropyl) tetrasul?de, 3,3‘-bis(tricyclo 
pentoxysilylpropyl) trisul?de, 2,2‘-bis(tri-2“-methylcyclo 
hexoxysilylethyl) tetrasul?de, bis(trimethoxysilyl methyl) 
tetrasul?de, 3-methoxy ethoxy propoxysilyl 3‘-diethoxybu 
toxy-silylpropyltetrasul?de, 2,2‘-bis(dimethyl methoxysilyl 
ethyl) disul?de, 2,2‘-bis(dimethyl sec.butoxysilylethyl) 
trisul?de, 3,3‘-bis(methyl butylethoxysilylpropyl) tetrasul 
?de, 3,3‘-bis(di t-butylmethoxysilylpropyl) tetrasul?de , 
2,2‘-bis(phenyl methyl methoxysilylethyl) trisul?de, 3,3‘ 
bis(diphenyl isopropoxysilylpropyl) tetrasul?de, 3,3‘-bis 
(diphenyl cyclohexoxysilylpropyl) disul?de, 3,3‘-bis(dim 
ethyl ethylmercaptosilylpropyl) tetrasul?de, 2,2‘-bis(methyl 
dimethoxysilylethyl) trisul?de, 2,2‘-bis(methyl ethoxypro 
poxysilylethyl) tetrasul?de, 3,3‘-bis(diethyl methoxysilyl 
propyl) tetrasul?de, 3,3‘-bis(ethyl di-sec. butoxysilylpropyl) 
disul?de, 3,3‘-bis(propyl diethoxysilylpropyl) disul?de, 3,3‘ 
bis(butyl dimethoxysilylpropyl) trisul?de, 3,3‘-bis(phenyl 
dimethoxysilylpropyl) tetrasul?de, 3-phenyl ethoxybutox 
ysilyl 3‘-trimethoxysilylpropyl tetrasul?de, 4,4‘-bis(tri 
methoxysilylbutyl) tetrasul?de, 6,6‘-bis(triethoxysilylhexyl) 
tetrasul?de, 12,12‘-bis(triisopropoxysilyl dodecyl) disul?de, 
18,18‘-bis(trimethoxysilyloctadecyl) tetrasul?de, 18,18‘-bis 
(tripropoxysilyloctadecenyl) tetrasul?de, 4,4‘-bis(trimethox 
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ysilyl-buten-2-yl) tetrasul?de, 4,4‘-bis(trimethoxysilylcy 
clohexylene) tetrasul?de, 5,5‘ 
bis(dimethoxymethylsilylpentyl) trisul?de, 3,3‘ 
bis(trimethoxysilyl-2-methylpropyl) tetrasul?de, 3,3‘ 
bis(dimethoxyphenylsilyl-2-methylpropyl) disul?de. 

[0057] The preferred sulfur containing organosilicon com 
pounds are the 3,3‘-bis(trimethoxy or triethoxy silylpropyl) 
sul?des. The most preferred compounds are 3,3‘-bis(tri 
ethoxysilylpropyl) disul?de and 3,3‘-bis(triethoxysilylpro 
pyl) tetrasul?de. 

[0058] Therefore as to formula III, preferably Z is 

R4 

[0059] Where R4 is an alkoxy of 2 to 4 carbon atoms, With 
2 carbon atoms being particularly preferred; alk is a divalent 
hydrocarbon of 2 to 4 carbon atoms With 3 carbon atoms 
being particularly preferred; and n is an integer of from 2 to 
5 With 2 and 4 being particularly preferred. 

[0060] The amount of the sulfur containing organosilicon 
compound of Formula III in a rubber composition Will vary 
depending on the level of other additives that are used. 
Generally speaking, the amount of the compound of formula 
III Will range from 0.5 to 20 phr. Preferably, the amount Will 
range from 1 to 10 phr. 

[0061] It is readily understood by those having skill in the 
art that the rubber composition Would be compounded by 
methods generally knoWn in the rubber compounding art, 
such as mixing the various sulfur-vulcaniZable constituent 
rubbers With various commonly used additive materials such 
as, for example, sulfur donors, curing aids, such as activators 
and retarders and processing additives, such as oils, resins 
including tackifying resins and plasticiZers, ?llers, pigments, 
fatty acid, Zinc oxide, Waxes, antioxidants and antioZonants 
and peptiZing agents. As knoWn to those skilled in the art, 
depending on the intended use of the sulfur vulcaniZable and 
sulfur vulcaniZed material (rubbers), the additives men 
tioned above are selected and commonly used in conven 
tional amounts. Representative examples of sulfur donors 
include elemental sulfur (free sulfur), an amine disul?de, 
polymeric polysul?de and sulfur ole?n adducts. Preferably, 
the sulfur vulcaniZing agent is elemental sulfur. The sulfur 
vulcaniZing agent may be used in an amount ranging from 
0.5 to 8 phr, With a range of from 1.5 to 6 phr being 
preferred. Typical amounts of tacki?er resins, if used, com 
prise about 0.5 to about 10 phr, usually about 31 to about 5 
phr. Typical amounts of processing aids comprise about 1 to 
about 50 phr. Such processing aids can include, for example, 
aromatic, naphthenic, and/or paraf?nic processing oils. 
Typical amounts of antioxidants comprise about 1 to about 
5 phr. Representative antioxidants may be, for example, 
diphenyl-p-phenylenediamine and others, such as, for 
example, those disclosed in The Vanderbilt Rubber Hand 
book (1978), Pages 344 through 346. Typical amounts of 
antioZonants comprise about 1 to 5 phr. Typical amounts of 
fatty acids, if used, Which can include stearic acid comprise 
about 0.5 to about 3 phr. Typical amounts of Zinc oxide 
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comprise about 2 to about 5 phr. Typical amounts of Waxes 
comprise about 1 to about 5 phr. Often microcrystalline 
Waxes are used. Typical amounts of peptiZers comprise 
about 0.1 to about 1 phr. Typical peptiZers may be, for 
example, pentachlorothiophenol and dibenZamidodiphenyl 
disul?de. 

[0062] In one aspect of the present invention, the diene 
polymer-polysiloxane netWork is sulfur-cured or vulcaniZed. 

[0063] Accelerators are used to control the time and/or 
temperature required for vulcaniZation and to improve the 
properties of the vulcaniZate. In one embodiment, a single 
accelerator system may be used, i.e., primary accelerator. 
The primary accelerator(s) may be used in total amounts 
ranging from about 0.5 to about 4, preferably about 0.8 to 
about 1.5, phr. In another embodiment, combinations of a 
primary and a secondary accelerator might be used With the 
secondary accelerator being used in smaller amounts, such 
as from about 0.05 to about 3 phr, in order to activate and to 
improve the properties of the vulcaniZate. Combinations of 
these accelerators might be expected to produce a synergis 
tic effect on the ?nal properties and are someWhat better than 
those produced by use of either accelerator alone. In addi 
tion, delayed action accelerators may be used Which are not 
affected by normal processing temperatures but produce a 
satisfactory cure at ordinary vulcaniZation temperatures. 
VulcaniZation retarders might also be used. Suitable types of 
accelerators that may be used in the present invention are 
amines, disul?des, guanidines, thioureas, thiaZoles, thi 
urams, sulfenamides, dithiocarbamates and xanthates. Pref 
erably, the primary accelerator is a sulfenamide. If a second 
accelerator is used, the secondary accelerator is preferably a 
guanidine, dithiocarbamate or thiuram compound. 

[0064] The mixing of the diene polymer-polysiloxane 
netWork With the conventional rubber additives described 
above can be accomplished by methods knoWn to those 
having skill in the rubber mixing art. For example the 
ingredients are typically mixed in at least tWo stages, namely 
at least one non-productive stage folloWed by a productive 
mix stage. The ?nal curatives including sulfur vulcaniZing 
agents are typically mixed in the ?nal stage Which is 
conventionally called the “productive” mix stage in Which 
the mixing typically occurs at a temperature, or ultimate 
temperature, loWer than the mix temperature(s) than the 
preceding non-productive mix stage(s). The rubber and 
polysiloxane netWork-diene polymers are mixed in one or 
more non-productive mix stages. The terms “non-produc 
tive” and “productive” mix stages are Well knoWn to those 
having skill in the rubber mixing art. The polysiloxane 
netWork-diene polymer may be added as a separate ingre 
dient or in the form of a masterbatch. The rubber compo 
sition containing the diene polymer-polysiloxane netWork as 
Well as the optional sulfur-containing organosilicon com 
pound may be subjected to a thermomechanical mixing step. 
The thermomechanical mixing step generally comprises a 
mechanical Working in a mixer or extruder for a period of 
time suitable in order to produce a rubber temperature 
betWeen 140° C. and 190° C. The appropriate duration of the 
thermomechanical Working varies as a function of the oper 
ating conditions and the volume and nature of the compo 
nents. For example, the thermomechanical Working may be 
from 1 to 20 minutes. 

[0065] VulcaniZation of the rubber composition of the 
present invention is generally carried out at conventional 
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temperatures ranging from about 100° C. to 200° C. Pref 
erably, the vulcanization is conducted at temperatures rang 
ing from about 110° C. to 180° C. Any of the usual 
vulcanization processes may be used such as heating in a 
press or mold, heating With superheated steam or hot air or 
in a salt bath. 

[0066] Upon vulcanization of the sulfur vulcanized com 
position, the rubber composition of this invention can be 
used for various purposes. For example, the sulfur vulca 
nized rubber composition may be in the form of a tire, belt 
or hose. In case of a tire, it can be used for various tire 
components. Such tires can be built, shaped, molded and 
cured by various methods Which are knoWn and Will be 
readily apparent to those having skill in such art. Preferably, 
the rubber composition is used in a sideWall and/or the tread 
of a tire. As can be appreciated, the tire may be a passenger 
tire, aircraft tire, truck tire and the like. Preferably, the tire 
is a passenger tire. The tire may also be a radial or bias, With 
a radial tire being preferred. 

[0067] While certain representative embodiments and 
details have been shoWn for the purpose of illustrating the 
invention, it Will be apparent to those skilled in this art that 
various changes and modi?cations may be made therein 
Without departing from the spirit or scope of the invention. 

What is claimed is: 
1. The method for the preparation of a diene polymer 

interpenetrated With a comprising the polymerization of 

(A) at least one silane monomer of the formula: 

II 
R R R R 
1\/ 1 1\/ 1 
Si R2 Si 
/ \ 
O O and 

/ 
Si Si 

/ \ / \ 
R1 R1 R1 R1 

(C) at least one diene monomer, said polymerization 
being conducted in the presence of an anionic base, an 
inert solvent and a polymerization initiator, Wherein 
each R1 is independently selected from the group con 
sisting of alkyl radicals having from 1 to 4 carbon 
atoms and aryl radicals having 6 carbon atoms and R2 
is selected from the group consisting of 

{k7 
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-continued 

w 7 and 

—f CH2@ CH2? 

Where X is an integer of from 1 to 8. 

2. The method of claim 1 Wherein the diene monomer is 
selected from the group consisting of butadiene, methylb 
utadiene, ot-methyl styrene, paramethyl styrene, dimethylb 
utadiene, pentadiene, styrene, isoprene and miXtures thereof. 

3. The method of claim 1 Wherein said anionic base is 
selected from the group consisting of organolithium com 
pounds, tetrabutylammonium hydroxide, potassium phenoX 
ide, sodium hydrogen sul?de, tertiary butoXide and potas 
sium tertiary butoXide. 

4. The method of claim 1 Wherein said inert solvent is 
selected from the group consisting of aliphatic, alicyclic and 
aromatic hydrocarbons. 

5. The method of claim 4 Wherein said solvent is selected 
from the group consisting of pentane, hexane, heptane, 
isooctane, cycloheXane, benzene, toluene and Xylene. 

6. The method of claim 1 Wherein said polymerization 
initiator is a monofunctional or polyfunctional anionic ini 
tiator or monanionic initiator. 

7. The method of claim 1 Wherein said polymerization 
initiator is an alkaline metal compound or alkaline-earth 
metal compound. 

8. The method of claim 7 Wherein said alkaline metal 
compound is an organolithium compound selected from the 
group consisting of ethyllithium, n-butyllithium, isobutyl 
lithium and dilithium polymethylenes. 

9. The method of claim 1 Wherein said polymerization is 
conducted at a temperature of betWeen 20° C. and 120° C. 

10. A compound containing a diene polymer interpen 
etrated With a polysiloXane polymer characterized by being 
prepared by the method of claim 1. 

11. A compound comprising a miXture of 

(A) from 5 to 950 phr of the compound of claim 10 having 
an interpenetrating netWork of a diene polymer and a 
polysiloXane; and 

(B) 100 parts by Weight of at least one rubber containing 
ole?nic unsaturation. 

12. The composition of claim 11 Wherein said rubber is 
selected from the group consisting of natural rubber, neo 
prene, polyisoprene, butyl rubber, halobutyl rubber, polyb 
utadiene, styrene-butadiene copolymer, styrene/isoprene/ 
butadiene rubber, methyl methacrylate-butadiene 
copolymer, isoprene-styrene copolymer, methyl methacry 
late-isoprene copolymer, acrylonitrile-isoprene copolymer, 
acrylonitrile-butadiene copolymer, EPDM, silicon-coupled 
star-branched polymers, tin-coupled star-branched polymers 
and miXtures thereof. 

13. The composition of claim 10 Wherein from 0.5 to 20 
phr of a sulfur containing organosilicon compound is present 
and is of the formula: 
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Z-Alk-Sn-Alk-Z III 

in Which Z is selected from the group consisting of 

Where R3 is an alkyl group of 1 to 4 carbon atoms, 
cycloheXyl or phenyl; R4 is alkoXy of 1 to 8 carbon 
atoms, or cycloalkoXy of 5 to 8 carbon atoms; Alk is a 
divalent hydrocarbon of 1 to 18 carbon atoms and n is 
an integer of 2 to 8. 
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14. The composition of claim 13 Wherein said composi 
tion is thermomechanically mixed at a rubber temperature in 
a range of from 140° C. to 190° C. for a total miXing time 
of from 1 to 20 minutes. 

15. A sulfur vulcanized rubber composition Which is 
prepared by heating the composition of claim 6 to a tem 
perature ranging from 100° C. to 200° C. in the presence of 
a sulfur vulcaniZing agent. 

16. The rubber composition of claim 15 in the form of a 
tire, belt or hose. 

17. A tire having a tread comprised of the composition of 
claim 15. 


